Abstract: There exists a highly interrelated relationship between energy, the environment and growth where the efficient management of this nexus is not only a must for sustainable development and human wellbeing but is also a basis for formulating sound economic policies harnessed with energy and environmental policies. Thus, this paper aims at investigating the causal relationships among renewable energy production, total energy consumption and economic growth for Turkey both in the long and short runs. The analyses are conducted by using the Johansen-Juselius co-integration test, the vector error correction model, Granger causality, impulse-response functions and variance decomposition for the period 1980-2016. Our findings obtained for the causal relationship between renewable energy and economic growth points to a bidirectional relationship both in the short and in long runs that promote feedback hypothesis, and it also reports a causal relationship running from energy consumption to economic growth both in the short and long runs, supporting the growth hypothesis. However, no consistent result could be obtained for the short run relationship from economic growth to energy consumption. These results indicate that increased renewable energy production and decreased energy consumption are vital for Turkey's sustainable development.
Introduction
Energy, the environment and sustainable development are highly interconnected. Given the problems associated with the supply and the use of energy relating to environmental concerns such as global warming, air pollution, the emission of radioactive substances, ozone depletion and forest destruction on one hand, and the pressures on environmental quality exerted by economic growth through the consumption of energy as a transmission channel on the other, it is clear that a society cannot attain sustainable development without utilizing environment friendly energy sources. Besides, as higher efficiency processes lead to less resource utilization and pollution, there exists a strong relationship between energy efficiency and environmental impact. Additionally, since all energy resources impose, more or less, some environmental impact, the limitations imposed by environmental emissions on sustainable development and the corresponding negative impacts can be at least partially overcome through improvements in energy efficiency. Moreover, diversifying the energy matrix, particularly in favor of renewables, and improving the energy efficiency will not only help reduce the environmental impacts and the associated health costs of economic activity but they will also enable a country to reduce the import bills and to hedge the price volatility in energy markets which, in turn, will support sustainable growth in the long run. Thus, there exists a highly interrelated relationship among energy, the environment and growth, where the efficient management of this nexus is not only a must for sustainable development and human wellbeing but a precondition of 'being in the future'. found that energy consumption and economic growth are co-integrated in the long run by using the vector error correction model. Further, the results of Reference [18] obtained through the Bayer-Hanck co-integration test and the Toda-Yamamoto causality test report a long run positive relationship from renewable energy use to economic growth and the findings of Reference [19] obtained via the Autoregressive Distributed Lag Model (ARDL)-bound -bound and Toda-Yamamoto causality tests show that the variables are co-integrated and indicate a one-way causality that runs from renewable energy consumption to growth.
The second line of researches is based on the Environmental Kuznets Curve (EKC) Hypothesis which assumes an inverted U-shaped relationship between environmental quality and economic growth, implying that environmental degradation first increases with the output but then starts to fall upon reaching a threshold. An examination of the past empirical evidence again provides inconclusive results. While some support the EKC Hypothesis, such as Reference [20] , others do not provide support, such as Reference [21] . Still, some others such as Reference [22] proposed an N-shaped relationship. While the findings of Reference [23] obtained for Tunisia over the period of 1961-2004 demonstrated a monotonically rising relationship relative to the economic growth of CO 2 , the results of Reference [24] displayed an inverted U-shaped nexus among the environmental and economic growth for Malaysia, both in the long and short runs. Besides, through focusing on the validity of the EKC Hypothesis in the MENA Region for the period 1981-2005, Reference [25] reported a quadratic relationship between the environment proxy and growth for the region as a whole where the estimated long-run coefficients for the majority of the MENA countries, although supporting varying threshold levels, provide weak evidence on the validity of the EKC Hypothesis. Nevertheless, as also argued by Reference [1] , the EKC literature signifies that the economic development process led by energy consumption may exert significant pressure on environmental quality. There exist a few studies focusing on Turkey in the literature with regard to this stream of research. For example, Reference [26] , which tested the EKC Hypothesis by applying co-integration techniques for the time series with provincial data for the periods of 1968-2003 and 1992-2001 , suggests a monotonic nexus, while the findings of Reference [15] suggested a positive link between CO 2 emissions and trade.
Finally, the third line of researches which, in a sense, combines the approaches of the above-discussed streams, concentrates on the three-way linkages among energy consumption, the environment and economic growth where the past empirical evidence, again, provides conflicting results. For example, Reference [27] searched for these relationships by utilizing Vector Error Correction Model (VECM) and suggest that the CO 2 emissions and renewable energy consumption are co-integrated while Reference [28] demonstrated bidirectional causalities between energy consumption and output as well as between output and environmental quality, and unidirectional causality from energy consumption to CO 2 emissions. By using panel unit root tests, panel co-integration methods and panel causality tests to investigate the relationship between energy consumption (EC), GDP and CO 2 emissions for the 15 MENA countries covering the annual period 1973-2008, Reference [29] revealed that there is no causal link between GDP and EC, as well as between CO 2 emissions and EC in the short run while unidirectional causality running from GDP and CO 2 emissions to EC are detected for the long run. Based on Granger causality test results, Reference [30] reported bidirectional causality between oil consumption, CO 2 emission and economic growth in short and long run for MENA countries during the period 1980-2009. Through panel co-integration and panel vector error correction modeling techniques based on the panel data for 28 provinces in China during 1995-2007, Reference [31] reported bidirectional causality between CO 2 emissions and energy consumption, as well as between energy consumption and economic growth, and determined energy consumption and economic growth as the long run causes for CO 2 emissions, and CO 2 emissions and economic growth as the long run causes for energy consumption. For Turkey, in the study on energy-environment-growth nexus, Reference [32] reported a long-run linkage among all variables for the period 1960-2007.
An excellent review of the literature on the energy-environment-growth nexus can be reached in Reference [1] , which argued that understanding these dynamic linkages among energy variables, environmental quality and growth is the keystone for new insights on energy and environmental policy and forms the basis for making sound economic policies and being consistent with environmental goals and energy policy objectives. With the aim of providing another insight into these interconnected relations, this paper is designed to investigate the causal relationships among renewable energy production, total energy consumption and economic growth for Turkey both in the short and long runs. As the majority of the past empirical research focusing on Turkey investigated such relations in pairwise, examining the three-way linkages among variables constitutes a distinctive feature of this study. By the end of 2016, Turkey had a total established renewable energy production capacity of 35 GW, while the renewable sources accounted for 35% of her total electricity production [33] . The evolution of Turkey's renewable energy production as a percentage of her total energy production for the period of 1980-2016 is depicted in Figure 1 and the composition of her renewable energy production for 2016 is provided in Figure 2 . An excellent review of the literature on the energy-environment-growth nexus can be reached in Reference [1] , which argued that understanding these dynamic linkages among energy variables, environmental quality and growth is the keystone for new insights on energy and environmental policy and forms the basis for making sound economic policies and being consistent with environmental goals and energy policy objectives. With the aim of providing another insight into these interconnected relations, this paper is designed to investigate the causal relationships among renewable energy production, total energy consumption and economic growth for Turkey both in the short and long runs. As the majority of the past empirical research focusing on Turkey investigated such relations in pairwise, examining the three-way linkages among variables constitutes a distinctive feature of this study. By the end of 2016, Turkey had a total established renewable energy production capacity of 35 GW, while the renewable sources accounted for 35% of her total electricity production [33] . The evolution of Turkey's renewable energy production as a percentage of her total energy production for the period of 1980-2016 is depicted in Figure 1 and the composition of her renewable energy production for 2016 is provided in Figure 2 . As can be followed from Figure 1 , Turkey holds an inconsiderable share of renewable energy production under 1% before 2008. A rapid increase is observed after this, reaching 8.6% in 2016. When the composition of Turkey's renewable energy production is examined as shown in Figure 2 , it can be seen that 80% of Turkey's renewable energy production is supplied by hydraulic sources An excellent review of the literature on the energy-environment-growth nexus can be reached in Reference [1] , which argued that understanding these dynamic linkages among energy variables, environmental quality and growth is the keystone for new insights on energy and environmental policy and forms the basis for making sound economic policies and being consistent with environmental goals and energy policy objectives. With the aim of providing another insight into these interconnected relations, this paper is designed to investigate the causal relationships among renewable energy production, total energy consumption and economic growth for Turkey both in the short and long runs. As the majority of the past empirical research focusing on Turkey investigated such relations in pairwise, examining the three-way linkages among variables constitutes a distinctive feature of this study. By the end of 2016, Turkey had a total established renewable energy production capacity of 35 GW, while the renewable sources accounted for 35% of her total electricity production [33] . The evolution of Turkey's renewable energy production as a percentage of her total energy production for the period of 1980-2016 is depicted in Figure 1 and the composition of her renewable energy production for 2016 is provided in Figure 2 . As can be followed from Figure 1 , Turkey holds an inconsiderable share of renewable energy production under 1% before 2008. A rapid increase is observed after this, reaching 8.6% in 2016. When the composition of Turkey's renewable energy production is examined as shown in Figure 2 , it can be seen that 80% of Turkey's renewable energy production is supplied by hydraulic sources As can be followed from Figure 1 , Turkey holds an inconsiderable share of renewable energy production under 1% before 2008. A rapid increase is observed after this, reaching 8.6% in 2016. When the composition of Turkey's renewable energy production is examined as shown in Figure 2 , it can be seen that 80% of Turkey's renewable energy production is supplied by hydraulic sources while Turkey's solar energy production has a negligible share of only 0.23%. However, although Turkey holds a considerably high potential of hydraulic, geothermal, wind and solar energies compared to EU countries, her actual realization level is at considerably low levels. Besides, Turkey is a net energy importer and thus not only suffers from being a foreign energy dependent country but also from highly vulnerable price shocks in the global energy markets. Thus, the causal relationship among renewable energy production, energy consumption and economic growth is a very important policy concern for Turkey.
Materials and Methods
The aim of this study is to test the hypothesis, "there exists a relationship among renewable energy production, energy consumption and economic growth in Turkey". For this purpose, econometric analyses are conducted for the period 1980-2016 by using annual data. All the data used in the econometric analyses were obtained from the Turkish Statistical Institute and Ministry of Energy and Natural Resources, and the econometric analyses were performed by using the EViews 9 software.
The variable definitions used in the study are RENEW: Renewable Energy Production (GWh) ENC: Total Energy Consumption (GWh) GRWTH: Chained volume index per capita GDP growth rate (%)
The empirical model established in the study is [37] and Ng-Perron [38] unit root tests were applied to check whether the series were stationary or not. The reason why four tests were included at the same time was to support the results of the stagnation test. In order to determine the lag length during the unit root tests, the Schwarz Information Criterion (SC), Akaike Information Criterion (AIC) and Hannan-Quinn information criterion (HQ) were used.
The ADF and PP unit root test results for the variables used in this study are provided in Table 1 , where the values in the parentheses indicate the lag length. The "D" used in front of the variables indicates the first difference.
The results of the ADF and the PP unit root tests applied on the levels of the variables show that the variables were not stationary while their first degree differences were, indicating that the difference of the variables was stationary. Next, the KPSS trend stationary test was performed to provide support that the difference of the series was stationary. The KPSS test results are presented in Table 2 .
According to Table 2 , the LM test statistics for the levels of the variables were not stationary as they were absolutely greater than the KPSS test critical values at the 5% significance level, leading to the conclusion that they contained a unit root while the results obtained by applying the same test to the first order difference of the variables show that the difference of the variables was stationary. Thus, the results obtained from the KPSS test support the results obtained from the ADF and PP tests. Additionally, the Ng-Perron [38] unit root test, which provides more consistent and effective results in case of a small number of observations, was also performed, and the results are summarized in Table 3 . The null hypotheses of the MSB and MPT tests, as with the KPSS test, indicate that the series is stationary, whereas the null hypotheses of MZ a and MZ t tests show that the unit root is in the series, as in the PP and ADF tests. The Ng-Perron test was analyzed by Spectral OLS-Detrented Autoregressive (AR) Model Optimal lag lengths were determined in accordance with the HQ and SC information criterion. For the constant model, the lag length was one at the level series. Additionally, the first difference of the series was one for the GRWTH variable and 0 for the others. For the constant and trend models, the lag length in the level series was one. The first difference of the series was 0 for all variables. In Table 3 , series I (1) is the first aware station since the MZ a and MZ t values in the first difference of the series were greater than the table value and the MSB and MPT values were smaller than the table value.
As all the variables included in the model were observed to be stationary at the first degree, a co-integration analysis was performed together with a Vector Autoregressive (VAR) analysis. In the VAR analyses, the most important condition is the accurate estimation of the VAR lag length, as determined by the information criteria. Table 4 shows the determination of the VAR lag length. Note: * indicates lag order selected by the criterion (each test at 5% level).
As seen from Table 3 , the FPE, AIC, SC and HQ information criteria indicate a lag length of 1. First of all, the identification test for a one-year lag VAR model was performed. A white heteroscedasticity test for the variance problem, a Jarque-Bera normality test for the normal distribution of error terms, and a Lagrange Multiplier-LM test for autocorrelation were also performed. The obtained results show that there is no problem of variance in the models, that the error terms are normally distributed and that there is no problem of autocorrelation. Therefore, the identification test of a one-year lag VAR model indicates that the model is consistent.
Results and Discussion
In the study, the Johansen-Juselius (JJ) [39] test was used for the co-integration analysis and the results are given in Table 5 . According to the results provided in Table 5 , the null hypothesis, which claims the absence of no co-integration, is rejected by the trace and maximum eigenvalue test statistics and one co-integration relationship is found in the model. In other words, it can be said that there exists a long-run relationship between renewable energy production (RENEW), total energy consumption (ENC) and economic growth (GRWTH) in Turkey. In order to see the directions of these long-run relationships, normalized equations according to GRWTH, RENEW and ENC are examined, respectively. Normalized equations are interpreted according to the 5% significance level.
The normalized equation according to GRWTH: 
(t-value = 1.7175) (t-value = 1.1507)
According to Equation (1), the impact of renewable energy production on economic growth is positive in the long run and the impact of the total energy consumption on economic growth is negative, implying that economic growth will increase as renewable energy production increases and/or the total energy consumption decreases in the long run. According to Equation (2), the impact of economic growth on renewable energy production, in the long run, is positive while the impact of the total energy consumption on renewable energy production is not significant. Finally, according to Equation (3), the impacts of economic growth and renewable energy production on the total energy consumption, in the long run, are insignificant. When the normalized equations are considered together, it can be seen that there exists a positive bidirectional relationship between economic growth and renewable energy production in the long run, whereas a unidirectional negative relationship running from energy consumption to economic growth exists, while no significant relationship could be found between renewable energy production and total energy consumption during the period covered.
The long-run relationship among the variables enables the establishment of a vector error correction model (VECM) that obviously includes the error correction term obtained though co-integration regressions and thus, is aimed at finding the source of the causality.
The VECM equations established in the study are
The test results of the VECM are provided in Table 6 . 
D(GRWTH) D(RENEW) D(ENC)
ECT ( ECT (-1), the long run co-integration-related error correction term, shows the size of the past imbalance. In practice, the error correction coefficient is expected to be negative and statistically significant. According to the test results of the VECM, the error correction coefficients are negative and statistically significant at the 5% significance level for Equations (4) and (5) . As the error correction coefficient of Equation (3) is positive, it is excluded from the analyses. According to Equation (4), there exists a long run causal relationship from renewable energy production and total energy consumption to economic growth. If the value of R 2 is close to 1 (R 2 = 0.975319), it can be said that the interpretation is consistent. This result supports the result obtained from the JJ co-integration test. According to Equation (5), there is a causal relationship between economic growth and total energy consumption to renewable energy production in the long run. The R 2 value is 0.935107, which is also close to 1. Therefore, the comments made for this equation are consistent as well. The causality from economic growth to renewable energy production supports the results obtained from the normalized Equation (2).
In the next stage, the short run relationships among the variables were investigated. For that purpose, the Granger Causality test was performed and the results are shown in Table 7 . According to the FPE and HQ information criteria, the lag length for the Granger causality test was determined to be 1. According to these results, there is a bidirectional causality relationship between economic growth and renewable energy production and there is a one-way causality relationship from the total energy consumption to economic growth in the short run. It was seen that these findings obtained for the short run overlap with the long run findings.
The impulse-response functions analyze the effect of a random 'shock' in a variable on other variables in the system. That is, the impulse-response functions reflect the effect of a standard error shock on one of the random error terms in the present and future values of the internal variables. The impulse-response analysis results are shown in Figure 3 . In the next stage, the short run relationships among the variables were investigated. For that purpose, the Granger Causality test was performed and the results are shown in Table 7 . According to the FPE and HQ information criteria, the lag length for the Granger causality test was determined to be 1. According to these results, there is a bidirectional causality relationship between economic growth and renewable energy production and there is a one-way causality relationship from the total energy consumption to economic growth in the short run. It was seen that these findings obtained for the short run overlap with the long run findings.
The impulse-response functions analyze the effect of a random 'shock' in a variable on other variables in the system. That is, the impulse-response functions reflect the effect of a standard error shock on one of the random error terms in the present and future values of the internal variables. The impulse-response analysis results are shown in Figure 3 . Figure 3a shows how the 1 standard error shock in renewable energy production affects economic growth. As can be seen from the graph, the effect follows a positive trend except for the third period. Figure 3b depicts how the 1 standard error shock in the economic growth impacts renewable energy production. As can be seen from the graph, the effect is consistently positive and gradually decreasing. When Figure 3a and 3b are evaluated together, a bidirectional positive Figure 3 . The Impulse-Response Functions. Note: the response of DGRWTH to DGRWTH, the response of DENC to DENC, the response of DRENEW to DRENEW, the response of DENC to DRENEW and the response of DRENEW to DENC are excluded from the analysis. Figure 3a shows how the 1 standard error shock in renewable energy production affects economic growth. As can be seen from the graph, the effect follows a positive trend except for the third period. Figure 3b depicts how the 1 standard error shock in the economic growth impacts renewable energy production. As can be seen from the graph, the effect is consistently positive and gradually decreasing.
When Figure 3a and 3b are evaluated together, a bidirectional positive causality relationship between economic growth and renewable energy production is observed. This result supports the Granger causality test results. Figure 3c shows how the 1 standard error shock in total energy consumption impacts economic growth. As can be seen from the graph, the effect is always negative and gradually decreasing. Figure 3d shows how the 1 standard error shock in economic growth affects the total energy consumption. As can be seen from the graph, the effect is positive and follows a decreasing trend. When Figure 3c ,d are considered together, a bidirectional causality relationship between economic growth and the total energy consumption is observed. However, the sign of the relationship is negative from the total energy consumption to growth and positive from economic growth to the total energy consumption. Nevertheless, the findings of the impulse-response analyses that report bidirectional causality can be concluded to provide partial support for the Granger causality test results that report unidirectional causality from energy consumption to economic growth.
One of the techniques used to determine the causes of the change in series is VAR decomposition. The variance decomposition obtained from the moving averages section of the VAR model refers to the sources of the shocks occurring in the variables themselves and in the other variables. Variance decomposition analysis not only decomposes the portions of a change in a variable originating from itself and from the other variables, but also gives information about the degree of causality relationships between the variables [40] . The results of the variance decomposition obtained from the one-lag-VAR model are estimated by the information obtained from the causality test, and the obtained results are provided in Table 8 . According to the results of variance decomposition, all of the changes realized in economic growth in the first period are explained by the variable itself. However, in the last period, almost 13% of the change in economic growth is explained by renewable energy production and almost 8% is explained by the total energy consumption. Considering the variance decomposition of renewable energy production, in the first period, 85% of the changes in renewable energy production is explained by the variable itself and about 11% of the changes is explained by economic growth. In the last period, approximately 77% of the change in renewable energy production is explained by the variable itself while almost 14% is explained by economic growth and 9% is explained by the total energy consumption. As the variance decomposition of the total energy consumption is considered, approximately 98% of the total energy consumption change in the first period is explained by the variable itself, roughly 2% by the renewable energy production, while no effect of economic growth could be signified. However, in the last period, nearly 7% of the total energy consumption change is found to be explained by economic growth. Overall, renewable energy production and total energy consumption are found to have an impact on economic growth while economic growth is found to affect the total energy consumption and renewable energy production. Therefore, these findings obtained from variance decomposition partially support the results of the Granger causality test for the short run. Besides, when the results of Granger causality, impulse-response and variance decomposition are evaluated together, a positive bidirectional causality relationship is obtained between economic growth and renewable energy production in the short run. Further, according to the Granger causality test between economic growth and total energy consumption, a one-way causality relationship from total energy consumption to economic growth is found while the results of the impulse-response analysis point to a negative causality. However, as the causality relationship between economic growth and energy consumption is considered, unlike the Granger causality test results, the results of impulse-response and variance decomposition reveal a causal relationship running from economic growth to total energy consumption where the direction of this relationship is determined to be positive by the impulse-response analysis.
Conclusions
This study searches for the causal relationships among renewable energy production, total energy consumption and economic growth by using econometric analyses with annual time series data by focusing on Turkey for the period 1980-2016. In order to determine the long-run relationships, a JJ co-integration test and VECM were applied and to determine the short run causality relationships, the Granger causality, impulse-response and variance decomposition analyses were conducted. The results of JJ co-integration and VECM tests led to the conclusion that there exists a long-run relationship between economic growth, renewable energy production and total energy consumption. According to normalized equations obtained from the co-integration test, there is a positive bi-directional causality relationship between economic growth and renewable energy production in the long run and a negative one-way causality running from the total energy consumption to economic growth.
According to the Granger causality test results, consistent with the findings obtained for the long run, there is a bidirectional causality relationship between economic growth and renewable energy production and a one-way causality relationship from total energy consumption to economic growth in the short run. Additionally, the variance decomposition test results demonstrate that renewable energy production and total energy consumption are found to have an impact on economic growth while economic growth was found to affect the total energy consumption and renewable energy production. Therefore, these findings obtained from variance decomposition partially support the results of the Granger causality test for the short run. Besides, when the results of the Granger causality, impulse-response and variance decomposition are evaluated together, a positive bidirectional causality relationship was obtained between economic growth and renewable energy production in the short run. Further, according to the Granger causality test between economic growth and total energy consumption, a one-way causality relationship from the total energy consumption to economic growth was found while the results of the impulse-response analysis point to a negative causality. However, as the causality relationship between economic growth and energy consumption is considered, unlike the Granger causality test results, the results of impulse-response and variance decomposition revealed a causal relationship running from economic growth to total energy consumption where the direction of this relationship was determined to be positive by the impulse-response analysis. Overall, our findings obtained for the causal relationship between renewable energy and economic growth both in the short and long runs supported the findings of References [10, 11, 16, 17] , to name a few, and also promoted the feedback hypothesis. Besides, our findings also reported a causal relationship running from energy consumption to economic growth both in the short and long runs. Thus, in line with References [2] [3] [4] [5] [6] 14, 19] and so forth, our results supported the growth hypothesis. However, no consistent result could be obtained for the short run relationship from economic growth to energy consumption.
The interdependency among renewable energy production, energy consumption and economic growth suggests that renewable energy is important for economic growth and likewise economic growth encourages the use of more renewable energy, while energy consumption adversely impacts economic growth, pinpointing the importance of improved energy efficiency and the use of renewable energy sources. Thus, governments should account for these interrelationships in formulating their energy policies and should promote renewable energy production, which may serve as the impetus for the modernization of the energy sector in meeting sustainability objectives specified by policymakers. In order to facilitate the expansion of the renewable energy sector, economic growth is vital in generating the required resources for the research and development of renewable energy technologies and building the necessary infrastructure.
Considering the extremely insufficient energy production capacity of Turkey, accompanied by the highly increasing energy demand, these results have important policy implications for Turkey. According to the 2018 Report [41] of the World Energy Council, Turkey, as of 2016, has a production of 17.9 million barrels of crude oil with a consumption of 27.6 million tons, while her natural gas production totals 381.6 million m 3 , with a consumption of 46.1 billion m 3 . Besides, for the 14-year period through 2002-2016, the consumption of crude oil and natural gas increased by 5.7% and 270%, respectively, leading Turkey to rank second after China with respect to an increase in energy demand. With such an energy production/consumption outlook, Turkey carries a 72% foreign dependency rate in energy, where this dependency constitutes 98% in natural gas, 92% in fuel and 50% in coal. Being a net energy importer, Turkey is a foreign energy dependent country. This adversely affects her current account deficit which, in turn, hampers sustainable economic growth. Hence, reducing the total energy consumption accompanied by increasing the domestic energy production, and especially increasing the renewable energy production, is a must to attain sustainable growth in Turkey. For that purpose, policymakers should introduce and implement effective incentive mechanisms for the development of renewable energy projects that will also encourage the private sector to participate and undertake such projects.
